Objective To evaluate the clinical outcomes of "one-time" versus staged multivessel stenting in elderly (≥ 60 years) patients with non-ST-elevation acute coronary syndrome (NSTE-ACS) and multivessel disease (MVD). Methods We analyzed data of consecutive NSTE-ACS patients with multivessel percutaneous coronary intervention (PCI) who were enrolled in General Hospital of Shenyang Military Region between 2008 and 2012. A total of 1090 eligible patients aged ≥ 60 were further categorized into "one-time" group (n = 623) and staged PCI group (n = 467) according to intervention strategy. The primary endpoint was composite outcome of myocardial infarction (MI) or cardiac death during 3-year follow-up. Results The estimated 3-year composite rate of cardiac death or MI was 7.0% in the staged PCI group and 9.5% in the "one-time" group (P = 0.110). Multivariate analysis confirmed the benefit of staged PCI on the primary events in the elderly (HR: 0.638, 95% CI: 0.408 -0.998, P = 0.049). In a propensity score matched cohort, staged PCI was associated with lower rates of primary events (6.1% vs. 10.4%, P = 0.046) and MI (3.4% vs. 7.4%, P = 0.037) at three years. In addition, there were reduced trends in the stent thrombosis at 30 days (0.3% vs. 1.4%, P = 0.177) and at three years (1.1% vs. 2.4%, P = 0.199) in the staged PCI group. There was no significant difference in the 3-year target vessel revascularization (15.5% vs. 14.4%, P = 0.746). Conclusions In elderly NSTE-ACS patients with MVD, staged PCI might be an optimal strategy associated with reduced long-term cardiac death or MI compared with "one-time" PCI strategy, which needs further confirmation.
Introduction


The elderly comprise an increasing proportion of patients with non-ST-elevation acute coronary syndromes (NSTE-ACS), [1] and are more likely to have multivessel disease (MVD) compared with younger patients. [2] Percutaneous coronary intervention (PCI) is the most common method of revascularization in the elderly with MVD. [3, 4] After culprit vessel revascularization, the interventional cardiologist is forced to decide whether to expand the procedure to the remaining significantly narrowed vessels or to end it. However, the optimal strategy for elderly NSTE-ACS patients with MVD has not been well established. Previous observa-tional analyses suggested that in patients with NSTE-ACS, multivessel PCI which allowed a more complete treatment of other potentially unstable plaques was superior to culprit vessel only PCI in terms of repeat revascularization. [5, 6] It remains unclear, however, whether the appropriate management for NSTE-ACS patients with MVD, especially for elderly patients, is staged PCI or "one-time" approach in the setting of culprit and non-culprit vessels revascularization. This study aimed to compare the clinical outcomes of the two different revascularization strategies in elderly NSTE-ACS patients.
Methods
Study population
This study was a retrospective, observational, non-randomized cohort study with prospective follow-up. Between 2008 and 2012, a total of 11,050 unselected patients treated with PCI were prospectively registered in the PCI database of General Hospital of Shenyang Military Region (China).
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The database contained detailed information of clinical and angiographic characteristics, treatment strategies and clinical outcomes for all patients undergoing PCI. Patients were eligible if they were elderly (≥ 60 years); admitted as NSTE-ACS and undergoing multivessel stenting ("onetime" or staged PCI). Patients were excluded if they: (1) had chronic total occlusion; (2) had technical failure, including staged PCI patients who had technical failure during the index PCI and scheduled for staging; (3) had malignant ventricular arrhythmia, haemodynamic instability or cardiac shock; (4) had an estimated glomerular filtration rate (eGFR) < 30 mL/min per 1.73 m 2 or renal dialysis; (5) staged PCI patients who had major complication (i.e., no-reflow, acute stent thrombosis, coronary perforation) during the index intervention and (6) patients undergoing a staged PCI > 60 days. The present study screened 1090 consecutive eligible patients. The trial was approved by the hospital ethics committee and all patients provided written informed consent.
Treatment
All patients were given loading doses of aspirin (300 mg) and clopidogrel (300-600 mg) before intervention, unless they had already received antiplatelet medication. The treatment strategy, stenting techniques and selection of stent type choice were all left to the operator's discretion. Identification of the culprit vessel was undertaken by the operators, usually based on each patient's ECG, echocardiogram, angiographic image and, if available, intravascular ultrasound (IVUS) and optical coherence tomography (OCT). A lesion was considered culprit on angiography if at least two of the following lesion morphological features suggestive of acute plaque rupture should be presented: plaque ulceration, intraluminal filling defects consistent with thrombus, plaque irregularity, dissection or impaired flow.
[710] After PCI, lifelong use of aspirin was advised and clopidogrel was prescribed for 12 months.
Follow-up
All patients were followed up by outpatient visits or telephone interviews at 30 days, 6 months, 12 months, 24 months and 36 months after the index procedure. Follow-up duration was defined as the interval from the index procedure to the last telephone interview or hospital visit.
Outcomes and definitions
The primary outcome was the composite of cardiac death or myocardial infarction (MI) during 3-year follow-up. The secondary outcomes included contrast-induced acute kidney injury (CI-AKI), definite/probable stent thrombosis, 30-day composite rate of cardiac death or MI and the 3-year incidences of cardiac death, MI and target vessel revascularization (TVR).
MVD was defined as the occurrence of a ≥ 50% stenosis of the left main coronary artery (left main disease) or a significant atherosclerotic coronary artery stenosis (≥ 70% diameter stenosis) with additional significant stenosis (≥ 70% diameter stenosis) of at least one other coronary artery assessed visually during coronary angiography. [11] Staged PCI was defined as PCI of the culprit lesion only with staged non-culprit PCI within 60 days. eGFR was calculated using the following equation for Chinese patients: eGFR (mL/min per 1.73m 2 ) = 175 × (serum creatinine) 1.234 × (age) 0.179 × (0.79 if patient is female). [12] Early invasive intervention is defined as coronary angiography performed within 24 h of hospital admission. [7] Delayed invasive intervention is defined as coronary angiography performed more than 24 h of hospital admission. Technical success was defined as balloon angioplasty or successful stent deployment at the desired position with visually estimated residual stenosis ≤ 30% followed by restoration of thrombolysis in myocardial infarction (TIMI) flow grade 3. All deaths were considered to be cardiac unless an unequivocal non-cardiovascular cause could be documented. MI followed the third universal definition of MI presented by the Third Global MI Task Force. [13] TVR was defined as any repeated PCI or coronary artery bypass grafting (CABG) of the initially treated coronary vessel. Complete revascularization was defined when no visually estimated stenosis ≥ 50% was found in the left main and no stenosis ≥ 70% was found in other major arteries and/or their major branches at discharge. CI-AKI was defined as an increase in serum creatinine (sCr) concentration ≥ 0.5 mg/dL (4.2 mmol/L) or 25% at 72 h after exposure to the contrast medium comparing baseline values. Stent thrombosis was classified as definite and probable according to the Academic Research Consortium definitions. [14] 
Statistical analysis
Continuous variables were demonstrated as mean ± SD or median value [interquartile rang (IQR)], and categorical variables as number and percentages. We compared categorical variables using Pearson Chi-square test or Fisher's exact test when appropriate. We compared continuous variables using student's unpaired t-test or the Mann-Whitney rank-sum test when appropriate. The influence of patient characteristics on selection of "one-time" procedure or a staged approach was examined by multivariate logistic regression. We adjusted all available variables listed in Table  1 and Table 2 except IVUS used, OCT used, length of hospital, medication at discharge and dual antiplatelet therapy (DAPT) duration. The cumulative incidences of clinical events were estimated with the Kaplan-Meier method and compared by the log-rank test between the groups. Cox regression analysis was used to identify the independent predictors of primary events at three years. We adjusted all available variables listed in Table 1 and Table 2 except IVUS used, OCT used, length of hospital, medication at discharge and DAPT duration. The statistical approach for model building was forward stepwise variable selection, with a level for variable inclusion of P < 0.05 and exit criterion was P > 0.10. In addition, the analysis was repeated in a propensity score matching using the same preselected variables that were included in the original Cox regression analysis above, with a difference of < 10% regarded as acceptable. Matching was on a 1: 1 basis and performed using nearestneighbor matching. All statistical tests were 2-tailed and statistical analyses were conducted in SPSS V.18.0 software.
Results
Patients and treatments
For the present analysis, "one-time" PCI was performed 
Clinical outcomes
Of the 1090 patients, 25 (2.3%) lost to follow-up while 1070 (98.2%) were followed up for at least two years and 948 (87.0%) were followed up for three years. There were 57 and 30 composite end points, 31 and 18 cardiac deaths, 35 and 18 MI in the "one-time" and staged PCI group during follow-up. As noted in Table 3 and Figure 1A , the estimated 30-day composite rate of cardiac death or MI was 1.3% for staged PCI and 1.9% for "one-time" PCI (P = 0.410). The estimated 3-year composite event rate was 7.0% in staged PCI group compared with 9.5% in "one-time" PCI group (P = 0.110). In addition, no significant differences in the CI-AKI (2.8% vs. 2.9%, P = 0.917), the 3-year rates of cardiac death (4.2% vs. 5.9%, P = 0.304), MI (4.2% vs. 5.9%, P = 0.185), definite/probable ST (1.1% vs. 1.9%, P = 0.258) and TVR (16.4% vs. 14.3%, P = 0.081) were observed.
Multivariable analysis
In multivariable model after adjusting, the staged versus "one-time" multivessel PCI strategy was an independent predictor of reduced composite of MI or cardiac death at Table 4 .
Propensity-matched analysis
After generating a propensity score, 291 of the 467 patients who underwent staged PCI were matched with a patient respectively who underwent "one-time" PCI. There were no differences in preselected variables between the propensity-matched cohorts (Table 1 and Table 2 ). As noted in Table 3 , Figure 1B , the composite rate of cardiac death or MI at 30 days did not differ significantly between the two study groups, but it presented a trend in favor of staged PCI approach (1.0% vs. 2.4%, P = 0.201). The incidence of definite/probable ST at 30 days also tended to be lower in the staged PCI group (0.3% vs. 1.4%, P = 0.177). At three years, staged PCI was associated with lower composite rate of primary events (6.1% vs. 10.4%, P = 0.046) and lower MI (3.4% vs. 7.4%, P = 0.037). In addition, no significant differences in the CI-AKI (2.8% vs. 3.4%, P = 0.632), the 3-year rates of cardiac death (3.2% vs. 5.2%, P = 0.228) and TVR (15.5% vs. 14.4%, P = 0.746) were observed.
Discussion
This study showed that, in elderly NSTE-ACS patients with MVD, staged PCI resulted in lower composite of cardiac death or MI despite a lack of impact on TVR. In addition, in our registry, there was a reduced trend of stent thrombosis in elderly patients who underwent staged PCI. To our knowledge, this is the first study to examine the efficacy of staged PCI versus "one-time" multivessel PCI in elderly NSTE-ACS patients with MVD.
Elderly patients with NSTE-ACS benefit from interventional therapies combined with optimal medical therapies. [15] However, with respect to clinical outcomes, periprocedural complications of intervention as well as the long-term ischemic risk remain higher in elderly NSTE-ACS patients with multivessel PCI than in younger patients. [4] For elderly people who tend to have poor condition and concomitant comorbidities, multivessel coronary artery disease is a critical issue that requires physicians to consider appropriate treatment strategies.
Although more and more data have suggested a benefit for multivessel PCI during the index admission in patients with STEMI and MVD, [1620] not much data exist on the revascularization strategy for NSTE-ACS patients with MVD, especially elderly patients. Some observational studies showed that routine PCI of non-culprit arteries in NSTE-ACS might be of benefit and raised questions about the timing of non-culprit arteries revascularization. [5, 6] Hannan, et al. [21] analyzed the cohort of NSTE-ACS patients (5193 patients in total) and explored the "one-time" complete revascularization in the index hospitalization versus PCI of the culprit lesion only with staged non-culprit PCI for complete revascularization in a subsequent admission. At three years, there was no significant difference in all-cause mortality between the two groups. However, data for other clinical endpoints such as cardiac death, MI, and TVR after procedure were not available in the study. Moreover, the staged PCI group did not include the patients who underwent staged PCI during the index hospitalization. To date, we are not aware of any evidence to evaluate the effect of revascularization, i.e., culprit-only versus multivessel revascularization and one-time versus staged multivessel revascularization, in elderly patients with NSTE-ACS and MVD.
In the absence of evidence comparing multivessel PCI with staged PCI approach for NSTE-ACS patients, the clinical practice is mixed among various choices. A published American survey reported that for NSTE-ACS patients with MVD, 42% of cardiologists would opt for treatment of both culprit lesion and non-culprit lesions at initial setting, 37% would treat non-culprit arteries in a staged procedure and 14% would opt for treatment of the culprit lesion only at initial setting and subsequent medical therapy without coronary revascularization unless the patient developed persistent ischemia or symptoms. [22] We found that staged PCI is associated with the reduced short-and long-term ischemic risks in the elderly NSTE-ACS patients. The reasons may be multifactorial and partially explained as follows. Any PCI procedure is challenging to the elderly. [23, 24] Compared to the young, elderly patients have higher prevalence of complex coronary lesions, extensive coronary atherosclerosis, comorbidities and physiological impairment. [23, 24] "One-time" PCI treatment for the elderly presenting with NSTE-ACS may increase risks for procedural complications, longer procedural time and stent thrombosis in a heightened thrombotic and inflammatory state.
[2528] On the contrary, PCI on the culprit lesion only and staged non-culprit PCI at a later date with the optimal medical treatment provides stabilization of the elderly patients and allows heart team to reassess the clinical and angiographic state. An analysis of 1726 patients with an average age of 62.6 enrolled in the multicenter German Cypher Stent Registry database showed that management of > 1 lesion during the same intervention was identified as an independent predictor of the combined endpoint of death from any cause, myocardial infarction, stroke or TVR after PCI. [29] Taken together, staged PCI should be considered as a preferred strategy in elderly patients.
Our study has several limitations. First, the choices of one-time or staged PCI were not based on a randomization but at physicians' discretion, which resulted in obvious selection bias. Attempts were made in order to minimize the effects of selection bias, such as eliminating patients with clinical characteristics that made them clearly inappropriate for "one-time" procedure [i.e., severe renal dysfunction (eGFR < 30 mL/min per 1.73m 2 ), technical failure or major complications during the first part of a staged procedure], analyzing data with multivariate regression and propensity score matching. However, results should still be interpreted with caution due to potential bias. Second, the experience and technique of the operator was very important, but very difficult to measure. Third, the study was not sufficiently powered to compare the incidences of stent thrombosis and the composite of cardiac death or MI at 30 days between groups because these rates were low. Fourth, we had underestimated the incidence of MI since follow-up angiography and routine cardiac biomarkers surveillance was not mandatory. Last, the study was not a multicenter study, but a single center study.
In conclusion, staged PCI might be an optimal strategy, associated with reduced cardiac death or MI, for elderly NSTE-ACS patients with MVD, compared with one-time PCI strategy after adjustment, which needs further confirmation by large randomized trials.
